The objective of the present study was to determine the effects of feeding diets containing grains naturally contaminated with Fusarium mycotoxins to fryer rabbits. The effi cacy of a glucomannan mycotoxin adsorbent (GMA) was also examined. Thirty 5-wk-old male New Zealand White rabbits were fed a control diet, a contaminated diet, or a contaminated diet + 0.2% GMA for 21 d. Experimental diets contained deoxynivalenol (DON; vomitoxin) at a concentration of 0.25, 4.3, and 4.9 μg/g, respectively. Feed intake was measured daily and water intake was measured every 3 d. At the end of the feeding period, blood was collected for evaluation of serum chemistry and hematology. Visceral organs were excised, weighed, and processed for histopathological examination. Body weight gain and water intake were greater in rabbits fed the contaminated diet (P = 0.075 and 0.020, respectively) and those fed the contaminated + GMA diet (P = 0.026 and 0.002, respectively) compared with controls. Rabbits fed the contaminated + GMA diet had signifi cantly increased serum urea concentrations (P = 0.023) and decreased serum alkaline phosphatase activity (P = 0.020) compared with controls. Increase in BW gain of rabbits fed the contaminated diets was caused by increased water consumption. There was no effect (P > 0.05) of diet on relative organ weights, but decreased infi ltrations with eosinophilic granulocytes were observed in different regions of the intestine in rabbits fed the contaminated or the contaminated + GMA diet. It was concluded that rabbits could be adversely affected by feed-borne Fusarium mycotoxins but appear to be less sensitive than other mammalian species. Supplementation with GMA did not reduce many of the effects of feed-borne mycotoxins.
INTRODUCTION
Mycotoxins are secondary metabolites synthesized by toxigenic fungi. Fusarium spp. are among the most common fungal species found in temperate climates such as that of North America. Fusarium fungi produce type A or type B trichothecenes, fusaric acid, zearalenone (ZEA), and fumonisins. Type A trichothecenes include T-2 toxin and HT-2 toxin, which are highly toxic but are usually found in low concentrations. Type B trichothecenes include deoxynivalenol (DON; vomitoxin) as well as 3-and 15-acetyl DON derivatives (Placinta et al., 1999) . These compounds are less toxic than T-2 toxin but are usually found in greater concentrations (Pestka and Smolinski, 2005) .
In North American grown feedstuffs, the mycotoxins of most concern in animal production are DON, 15-acetyl DON, and ZEA. Deoxynivalenol is an inhibitor of protein synthesis that adversely affects actively dividing cells such as those present in bone marrow, liver, and thymus (Desjardins, 2006) . Zearalenone is a phytoestrogen that can bind to estrogenic receptors and can cause uterine enlargement (Bennett and Klich, 2003) . Co-contamination of feeds with Fusarium mycotoxins can lead to feed refusal, reduced growth, gastrointestinal lesions, immunosuppression, neurological effects, and reproductive disorders (Leung et al., 2006) .
The adverse effects of feed-borne Fusarium mycotoxins have been studied in many domestic animal species, but few studies have been conducted with rabbits.
The use of mycotoxin adsorbents is one of the approaches adopted to minimize mycotoxin-induced losses in animal production (Jouany, 2007) . The objectives of the present study were to determine the effects of feeding diets naturally contaminated with Fusarium mycotoxins on performance and health parameters in immature rabbits. The effi cacy of a glucomannan mycotoxin adsorbent (GMA) was also evaluated.
MATERIALS AND METHODS
All procedures involving animals were approved by the Animal Care Committee of the University of Guelph.
Experimental Animals
Thirty 5-wk-old male New Zealand White specifi cpathogen-free rabbits were obtained from Charles River Laboratories, St-Constant, QC, Canada. Initial BW ranged from 0.4 to 0.9 kg. Animals were housed at the Central Animal Facility of the Ontario Veterinary College. Animals were managed as has been prescribed by the Canadian Council on Animal Care (CCAC, 1993).
Experimental Diets
Experimental diets included control, contaminated, and contaminated + GMA. The control diet was formulated to meet the standard nutritional specifi cations for growing fryer rabbits (NRC, 1977) . The mycotoxin contaminated diet was formulated to the same specifi cations as the control diet by replacing control corn with corn naturally contaminated with Fusarium mycotoxins. Contaminated + GMA diet contained 0.2% GMA (Integral; Alltech Inc., Nicholasville, KY) added at the expense of oats and soybean meal. Composition of the experimental diets is shown in Table 1 .
Dietary concentrations of DON, 3-acetyl DON, 15-acetyl DON, nivalenol, T-2 toxin, acetyl T-2 toxin, iso T-2 toxin, HT-2 toxin, T-2 triol, T-2 tetraol, fusarenon-X, diacetoxyscirpenol, scirpentriol, 15-acetoxyscirpentriol, and neosolaniol were analyzed by a combination of gas chromatography and mass spectrometry (CFIA, 2007) . Dietary contents of fumonisin B 1 , ZEA, afl atoxin, and ochratoxin A were analyzed by HPLC after extraction on immunoaffi nity columns (Wang et al., 2008) . Limits of detection were 0.06 μg/g for DON, 0.05 μg/g for 3-acetyl DON, 0.05 μg/g for 15-acetyl DON, 0.12 μg/g for nivalenol, 0.06 μg/g for T-2 toxin, 0.04 μg/g for HT-2 toxin, 0.06 μg/g for diacetoxyscirpenol, 0.07 μg/g for neosolaniol, 0.25 μg/g for ZEA, 0.001 μg/g for afl atoxin, 0.0003 μg/g for ochratoxin, and 0.2 μg/g for the other mycotoxins.
Experimental Design
Rabbits were individually housed in environmentally controlled 0.61 by 1.5 m fl oor runs. Rabbits were fed the control diet for a 5 d acclimatization period and then weighed and divided into 3 groups of equal average BW. Each group (n = 10) was randomly assigned to 1 experimental diet for 21 d with ad libitum access to feed and water. Ambient temperature was maintained at 21°C with a 12-h light/ dark cycle. At the end of the experimental period, rabbits were anaesthetized by intramuscular injection of ketamine and xylazine, and blood and urine samples were collected. Rabbits were then euthanized by intracardiac injection of pentobarbital and dissected for collection of internal organs as described below.
Performance Variables
Feed intake was measured daily at 0800 h. Water intake was measured every third day at 0800 h and daily water intake was subsequently calculated. Rabbits were weighed on d 0, 7, 14, and 21 at 0700 h. Feed effi ciency was calculated by dividing total BW gain by total feed consumed. The ratio of average daily water consumption to ADG was also calculated. 
Hematology and Serum Chemistry
Cardiac blood (5 mL) was collected from each euthanized rabbit in EDTA-coated Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) and immediately submitted to the Animal Health Laboratories, University of Guelph, for automated hematological analysis. Hematological analysis included complete blood count, differential leukocytic count, platelet indices, reticulocyte analysis, and morphological analysis of white blood cells and red blood cells (Avida 120; Bayer Inc., Toronto, ON, Canada). Cardiac blood (4 mL) was collected without anticoagulant to separate serum and measure serum chemistry profi le (Roche Cobas 6000 c501; Roche Diagnostics, Hoffman-La Roche Ltd., Montreal, QC, Canada). Serum chemistry profi le included the concentrations of Ca, P, Mg, Na, K, Cl, CO 2 , glucose, cholesterol, total bilirubin, conjugated bilirubin, free bilirubin, total protein, urea, and creatinine as well as the activities of creatine kinase, alkaline phosphatase, γ-glutamyl transferase, alanine aminotransferase, amylase, and lipase.
Urinalysis
Urine (3 mL) was drawn by cystocentesis from each euthanized rabbit. Urine was tested for specifi c gravity, clarity, pH, and concentrations of protein, glucose, ketones, bile, nitrite, bilirubin, urobilinogen, and blood traces (Clinitek urine analyzer; Siemens Healthcare Diagnostics, Tarrytown, NY).
Organ Weight and Histopathology
Thymus, liver, spleen, and kidneys were excised from freshly euthanized rabbits and weighed individually. Relative organ weights (organ weight:BW) were calculated. Tissues from visceral organs were then collected and immediately fi xed in freshly prepared 10% neutral buffered formalin for 48 h at room temperature. Collected tissues included the left lobe of liver, the left lobe of pancreas, mid portion of convoluted jejunum, ileum adjacent to sacculus rotundus, mid portion of cecum, and mid portion of sacculated colon. Each of the intestinal samples was approximately 4 cm long. Formalinized tissues were trimmed, dehydrated, cleared, and paraffi n embedded. Sections, 5 mm in thickness, were cut, placed on glass slides, and processed for hematoxylin and eosin staining (Luna, 1968) . The left femur was split and 6 bone marrow smears were prepared. Bone marrow smears were stained with Wright stain. One half of the femur was also placed in 10% neutral buffered formalin and processed for hematoxylin and eosin staining. All tissues were examined blind by a single operator.
Statistical Analyses
Data was analyzed by ANOVA using a PROC GLM model (SAS Inst. Inc., Cary, NC). Tukey's test was used to compare least squares means among treatments. Comparisons were considered statistically signifi cant at P ≤ 0.05.
RESULTS

Dietary Mycotoxin Concentrations
Deoxynivalenol was the major contaminant in the experimental diets (Table 2 ). Experimental diets also contained lesser concentrations of 15-acetyl DON, ZEA, afl atoxin, and ochratoxin A. Nivalenol, 3-acetyl DON, T-2 toxin, acetyl T-2 toxin, iso T-2 toxin, HT-2 toxin, T-2 triol, T-2 tetraol, fusarenon-X, diacetoxyscirpenol, scirpentriol, 15-acetoxyscirpentriol, neosolaniol, and fumonisin were below detection limits.
Performance Variables
Effects of diets on performance parameters are summarized in Table 3 . The feeding of contaminated and contaminated + GMA diets did not affect (P > 0.05) feed consumption when compared with controls. Average daily gain in rabbits fed the contaminated + GMA diet was increased compared with controls (P = 0.026) whereas ADG in rabbits fed the contaminated diet was numerically greater than controls (P = 0.075). There were no differences (P > 0.05) in daily BW gains between rabbits fed the contaminated diet and those fed the contaminated + GMA diet. Water consumption was increased (P = 0.020) in rabbits fed the contaminated diet and those fed the contaminated + GMA diet (P = 0.002) 1 Limits of detection were 0.06 μg/g for DON, 0.05 μg/g for 15-acetyl DON, 0.25 for μg/g ZEA, 0.001 μg/g for afl atoxin, and 0.0003 μg/g for ochratoxin A. Dietary contents of 3-acetyl DON, nivalenol, T-2 toxin, acetyl T-2 toxin, iso T-2 toxin, HT-2 toxin, T-2 triol, T-2 tetraol, fusarenon-X, diacetoxyscirpenol, scirpentriol, 15-acetoxyscirpentriol, neosolaniol, and fumonisin were below detection limits.
2 GMA = glucomannan mycotoxin adsorbent (Integral; Alltech Inc., Nicholasville, KY), added at a concentration of 0.2%.
3 Not detected.
when compared with controls. The effi ciency of feed use was greater in rabbits fed either the contaminated diet (P = 0.050) or the contaminated + GMA diet (P = 0.011) when compared with controls. There was no difference (P = 0.7815) in effi ciency of feed use comparing rabbits fed the contaminated diet and rabbits fed the contaminated + GMA diet. The ratio of average daily water intake to ADG was greater (P = 0.044) in rabbits fed the contaminated + GMA diet compared with controls.
Hematology and Serum Chemistry
The feeding of contaminated diets had no effect (P > 0.05) on the hematological profi le of experimental rabbits (data not shown). Rabbits fed the contaminated + GMA diet had an increase (P = 0.023) in serum urea concentrations when compared with controls. Serum urea concentrations in rabbits fed the contaminated diet, however, were not different from controls or rabbits fed the contaminated + GMA diet (P = 0.250 and 0.461, respectively). Serum alkaline phosphatase activity was decreased (P = 0.020) in rabbits fed the contaminated + GMA diet compared with controls (Table 4) .
Urinalysis
Urinalysis showed no differences (P > 0.05) among treatments (data not shown). Urobilinogen concentration was numerically greater in the rabbits fed the contaminated diet (7.04 μmol/L) compared with rabbits fed either the control diet (3.20 μmol/L) or the contaminated + GMA diet (3.20 μmol/L).
Organ Weight and Histopathology
There was no effect (P > 0.05) of diet on relative organ weights of the thymus, liver, spleen, and kidneys (data not shown). Eosinophilic granulocyte infi ltrations appeared to be reduced in the lamina propria of the jejunum in rabbits fed the contaminated diet. Rabbits fed either the contaminated diet or the contaminated + GMA diet also had reduced eosinphilic granulocyte infi ltrations in the lamina propria of the ileum, cecum, and sacculated colon. There were no apparent histological differences in the thymus, spleen, pancreas, liver, kidneys, and bone marrow among the experimental groups.
DISCUSSION
Toxic effects of different mycotoxins on rabbits have been reviewed by Mézes and Balogh (2009) . Literature reports on the effects of Fusarium mycotoxins in rabbits are scarce. To our knowledge, the study conducted by Khera et al. (1986) is the only report available on the effects of feed-borne DON on rabbits. Those authors studied the effects of purifi ed DON in does from d 0 to 30 of gestation and reported decreased fetal weight in rabbits fed diets containing DON at a concentration of 30 to 60 μg/g. There was also a 100% incidence fetal resorption in does fed DON at a concentration of 120 to 240 μg/g. No previous studies have investigated the effects of naturally contaminated feedstuffs on growing fryer rabbits. In the present study, DON was the major mycotoxin contaminant in the diets formulated from grains naturally contaminated with Fusarium mycotoxins. Growth rates and feed consumption were typical for fryer rabbits of this age (Gidenne et al., 2010) , indicating appropriate diet composition and texture as well as palatability and nutrient balance.
No feed refusal was observed and feed intake was not signifi cantly different among the experimental groups. Contamination of diets with 1.3 and 2.7 μg DON per gram reduced feed intake in swine and beagle dogs, respectively (Rotter et al., 1996; Leung et al., 2007) . Rabbits fed the contaminated diets in the present study had moderately increased BW gain. This is in contrast to fi ndings reported in other mammalian species fed DONcontaminated diets where BW gain was reduced or unaffected. Decreased BW gain was observed in swine fed diets containing DON at concentrations <2.0 μg/g and beagle dogs fed diets containing DON at a concentration of 2.7 μg/g whereas ruminants fed diets containing DON up to 6.4 μg/g did not show signifi cant changes in BW gain (Rotter et al., 1996; Leung et al., 2007) . The greater BW gain in rabbits fed the contaminated diets in the present study may be attributed to the signifi cant increase in water consumption. Rabbits fed the contaminated diet and those fed the contaminated + GMA diet consumed daily 30 and 40 mL more water than controls, respectively. Rabbits fed the contaminated diet consumed 4.31 mL of water for each gram of BW gain whereas those fed the contaminated + GMA diet consumed 4.6 mL/g and the controls consumed 3.89 mL/g. Serum urea concentrations were found to be greater in rabbits fed the contaminated + GMA diet compared with controls. Increased serum urea concentrations were observed in swine and dairy cattle fed diets containing grains naturally contaminated with Fusarium mycotoxins (Swamy et al., 2003; Korosteleva et al., 2007) . Increased uric acid concentration also was observed in the serum of chickens fed diets containing grains naturally contaminated with Fusarium mycotoxins (Chowdhury and Smith, 2004) . Greater urea concentrations could have resulted from increased AA catabolism and consequently caused the observed increase in water intake and possibly increased tissue water retention. This might explain the increased BW and apparent increase in feed effi ciency in rabbits fed the contaminated diets. Carcass composition analysis and measurement of urine output would be needed to investigate water use in rabbits fed contaminated diets.
Serum alkaline phosphatase activity was significantly decreased in rabbits fed the contaminated + GMA diet and numerically decreased in rabbits fed the contaminated diet. A similar fi nding observed in dogs fed Fusarium mycotoxin-contaminated diets was attributed to reduced protein synthesis (Leung et al., 2007) . The decrease in alkaline phosphatase activity combined with the increased serum urea concentrations and the trend towards increased urinary concentrations of urobilinogen could be caused by impaired liver and kidney function. This effect may become more pronounced in rabbits receiving greater concentrations of Fusarium mycotoxins or fed contaminated diets for extended periods of time.
Rabbits fed the contaminated diet had numerically greater urobilinogen concentrations compared with those fed the control or the contaminated + GMA diets. Urobilinogen is synthesized from bilirubin by bacteria present in the gut, reabsorbed in the hindgut, and excreted in bile with small amounts being excreted in feces and urine (Lester and Schmid, 1965) . Urobilinogenuria is caused by improper liver function leading to increased amounts of urobilinogen in the urine and less being secreted back into bile (Lester and Schmid., 1965) . Further investigations would be required to confi rm potential adverse effect of DON on liver function in rabbits.
It was noted that rabbits fed the contaminated diet had fewer eosinophilic granulocytes in the lamina pro-pria of the jejunum, ileum, cecum, and sacculated colon. Similar fi ndings were observed in the ileum, cecum, and sacculated colon of rabbits fed the contaminated + GMA diet. This suggests an immunosuppressive potential of feed-borne Fusarium mycotoxins in rabbits and requires further investigation.
In conclusion, the present study indicates that rabbits could be adversely affected by feed-borne Fusarium mycotoxins but appear to be less sensitive to to the adverse effects of feed-borne Fusarium mycotoxins than other mammalian species. Diets containing comparable concentrations of DON had more adverse effects on other mammalian species. Korosteleva et al. (2007 Korosteleva et al. ( , 2009 reported adverse effects of DON on metabolism and immune functions in dairy cows fed naturally contaminated diets containing DON at a concentration of 3.6 and 3.5 μg/g, respectively. Leung et al. (2007) reported decreased feed intake, decreased BW, and altered metabolic and immune functions in dogs fed naturally contaminated diets containing DON at a concentration of 2.7 μg/g. Smith et al. (1997) also reported decreased BW gain in swine consuming diets containing different levels of DON comparable with or less than the levels used in this study. The use of GMA did not reduce many of the effects associated with Fusarium mycotoxicoses in the present study.
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